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(57) ABSTRACT 

A controller (710) having recognized an output request for 
bass mood sounds in response to an input operation by the 
audience sets a prespeci?ed loW-pass ?lter (830) by sWitch 
ing a ?lter selecting section (840) and a bass sound process 
ing sWitching section (870). The audio data inputted from 
input terminals (631) respectively is subjected to adjustment 
of the output level as Well as to the effect processing, and 
then is passed through the prespeci?ed loW-pass ?lter (830) 
to adjust the output, and then is outputted from output 
terminals (638) corresponding to speakers (230) for bass 
mood sounds. Audio data outputted from other speakers 
(230) is subjected to output adjustment, and is subjected to 

(22) Filed; Jun_ 28, 2004 the delay processing according to a delay time computed by 
the controller through an operational expression approxi 

(30) Foreign Application Priority Data mated With a quadratic expression for a cut-off frequency in 
the loW-pass ?lter (830) to be outputted from the output 
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AUDIO DATA PROCESSING DEVICE, AUDIO 
DATA PROCESSING METHOD, PROGRAM FOR 
THE SAME, AND RECORDING MEDIUM WITH 

THE PROGRAM RECORDED THEREIN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an audio data 
processing device, an audio data processing method, a 
program for the same, and a recording medium for the 
program recorded therein. 

[0003] 2. Description of Related Art 

[0004] There has been knoWn a reproduction system for 
reproducing multi-channel audio data using a plurality of 
speakers. In this reproduction system, for instance, image 
data is displayed on a monitor With a plurality of speakers 
arranged around the audience, and audio data is reproduced 
from around the audience. The audio data reproduced in this 
system is recorded, for instance, in a package medium such 
as a DVD (Digital Versatile Disc), or is distributed through 
a netWork such as the Internet. The audio data is for sounds 
produced With a musical instrument or for those produced by 
an electronic musical instrument generally called synthe 
siZer, and the data is processed by an audio data processing 
device and is recorded in a package medium or distributed 
through a netWork. 

[0005] In relation to the audio data processing device 
based on the conventional technology, there has been knoWn 
the con?guration in Which bass mood sounds to be repro 
duced by a speaker for bass mood sounds are generated. This 
audio data processing device fetches, in addition to audio 
data of independent mood sounds, bass components of the 
audio data provided through a main channel such as a center 
channel or a front channel and outputted for reproduction by 
other speakers such as center speaker, right and left front 
speakers, or right and light surround speakers by making use 
of a laW-pass ?lter. The fetched audio data is generated as 
audio data for bass mood sounds to be provided through a 
bass mood sound channel. 

[0006] HoWever, in the conventional type of audio data 
processing device as described above, When bass sound 
channel is generated from a main channel such as a center 
channel or right and left front channel by using a loW-pass 
?lter, there is the possibility that delay occurs due to 
characteristics of the loW-pass ?lter. When channels from 
the speakers are reproduced by the reproduction system, a 
time difference may occur betWeen a timing for reproducing 
and outputting sounds from the main channel and that from 
the bass mood sound channel because of the delay. Because 
of this time delay, a phase difference betWeen the main 
channel and the bass mood sound channel becomes larger, 
Which may disable provision of suf?cient and comfortable 
bass mood sounds, and also the sound quality may be 
degraded due to the timing mismatch, Which is one of the 
defects of the conventional technology. 

SUMMARY OF THE INVENTION 

[0007] A main object of the present invention is to pro 
vide, for solving the problems in the conventional technol 
ogy as described above, an audio data processing device 
capable of adequately outputting bass mood sounds, an 
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audio data processing method, a program for the same, and 
a recording medium With the program recorded therein. 

[0008] An audio data processing device according to an 
aspect of the present invention is an audio data processing 
device for processing audio data so that the audio data can 
be reproduced from a plurality of speakers, and comprises an 
audio data fetching section for fetching the audio data; a 
delay processor for delaying the audio data; a ?lter only 
alloWing passage of audio data having a prespeci?ed fre 
quency outputted from the prespeci?ed speakers; and a 
control section for subjecting the audio data reproduced by 
said speakers Without passing through said ?lter to the delay 
processing in the delay processor to delay the audio data by 
the period of time corresponding to the delay generated 
When said audio data passes through said ?lter. 

[0009] The audio data processing device according to 
another aspect of the present invention is an audio data 
processing device for processing audio data so that the audio 
data can be reproduced from a plurality of speakers, and 
comprises an audio data fetching section for fetching the 
audio data; a storage section for storing therein the fetched 
audio data together With the timing information concerning 
the timing When the audio data is fetched; a ?lter alloWing 
for passage of data having a prespeci?ed frequency among 
the audio data outputted from the prespeci?ed speakers, and 
a control section for fetching a synchroniZation signal cor 
responding to the timing When the audio data is fetched, 
reading out based on the synchronization signal the audio 
data stored in the storage section and correlated to the timing 
information specifying an earlier timing corresponding to a 
delay generated When the audio data passes through the ?lter 
and having the audio data passed through the ?lter so that the 
audio data can be outputted to be reproduced from said 
speakers, and also having the audio data stored in the storage 
section and correlated to said timing information specifying 
a timing corresponding to the synchroniZation signal out 
putted Without being passed through the ?lter so that the 
audio data can be outputted to be reproduced by said 
speakers. 

[0010] An audio data processing method according to still 
another aspect of the present invention is a method of 
processing audio data so that the audio data can be repro 
duced from a plurality of speakers, and the method com 
prises the steps of: having the audio data outputted from the 
prespeci?ed speakers passed through a ?lter alloWing pas 
sage of audio data having a prespeci?ed frequency; and 
subjecting the audio data not passing through the ?lter and 
reproduced by the speakers to the replay processing for 
delaying the audio data by the delay generated When the 
audio data passes through the ?lter. 

[0011] An audio data processing method according to 
further aspect of the present invention is a method of 
processing audio data so that the audio data can be repro 
duced from a plurality of speakers, and the method com 
prises the steps of: fetching the audio data and also fetching 
a synchroniZation signal corresponding to the timing When 
the audio data is fetched; storing the fetched audio data 
together With timing information concerning the timing 
When the audio data is fetched based on the synchroniZation 
signal; and reading out, based on the synchroniZation signal, 
the audio data correlated to the timing information for an 
earlier timing corresponding to the delay generated When the 
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audio data outputted from the speakers is passed through a 
?lter allowing passage of the audio data having a prespeci 
?ed frequency to pass the audio data through the ?lter so that 
the audio data can be outputted to be reproduced from the 
speakers, and also reading out the audio data correlated to 
said timing information for a timing corresponding to the 
synchronization signal and outputting the audio data so that 
the audio data can be reproduced from the speakers Without 
being passed through the ?lter. 

[0012] An audio data processing program according to 
still further aspect the present invention makes the comput 
ing section eXecute the audio data processing method 
described above. 

[0013] A recording medium With the program recorded 
therein according to still further aspect of the present inven 
tion has the audio data processing program recorded therein 
so that the audio data processing programs can be read out 
by the computing section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram shoWing a general 
con?guration of a reproducing device related to an embodi 
ment of the present invention; 

[0015] FIG. 2 is a block diagram shoWing a general 
con?guration of a program for a digital signal processing 
section in the embodiment; 

[0016] FIG. 3 is a block diagram showing a general 
con?guration of a miXing effect section in the embodiment; 

[0017] FIG. 4 is a graph shoWing a difference betWeen the 
cases With and Without the delaying processing in the 
relation to the group delay characteristic and frequencies in 
the embodiment; 

[0018] FIG. 5 is a graph shoWing a relation betWeen an 
impulse response and a delay time in the embodiment; and 

[0019] FIG. 6 is a graph shoWing a difference betWeen the 
cases With and Without the delaying processing in the 
relation to the frequency amplitude characteristic and fre 
quencies in the embodiment. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENT(S) 
[0020] A reproducing device according to one embodi 
ment of the present invention is described beloW With 
reference to the related draWings. It is to be noted that, 
although the con?guration in Which audio data is outputted 
for reproduction is described in this embodiment, the present 
invention is not limited to this con?guration, and the con 
?guration is alloWable in Which, together With audio data, 
image data is processed and outputted for reproduction, and 
in Which a so-called miXer is used for processing and 
outputting data for reproduction. Further, the con?guration 
is described beloW in Which a speaker reproduces and 
outputs audio data, but the present invention can also be 
applied to the con?guration in Which the processed audio 
data is recorded in a recording medium such as an optical 
disk and a magnetic disk including a DVD (Digital Versatile 
Disc) and a HD (Hard Disk), a magnetic tape, an audio track 
of a ?lm, memory, or the like, or the con?guration in Which 
the processed audio data is distributed via a netWork. FIG. 
1 is a block diagram shoWing general con?guration of a 
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reproducing device. FIG. 2 is a block diagram shoWing 
general con?guration of a digital signal processing section in 
the reproducing device as a program. FIG. 3 is a block 
diagram shoWing general con?guration of a miXing effect 
section. FIG. 4 is a graph shoWing a difference a difference 
betWeen the cases With and Without the delaying processing 
in the relation to the group delay characteristic and frequen 
cies. FIG. 5 is a graph shoWing a difference betWeen the 
cases With and Without the delaying processing in the 
relation to the frequency amplitude characteristic and fre 
quencies. 

[0021] [Con?guration of the Reproducing Device] 

[0022] In FIG. 1, the reference numeral 100 indicates a 
reproducing device, and the reproducing device 100 pro 
cesses audio data and image data so that the audience can 
Watch and listen to them. To the reproducing device 100 are 
connected to a plurality of outputting sections 200 for 
reproducing the processed audio date, namely outputting the 
data as voice. 

[0023] Respective outputting sections 200 reproduce and 
output various audio data outputted from the reproducing 
device 100. These outputting sections 200 each comprise a 
DAC (Digital-Analog Converter) 210, an ampli?er 220, and 
a speaker 230, and in this con?guration, a plurality (for 
eXample, 6 pairs) of output sections are provided. 

[0024] Description of this embodiment assumes the con 
?guration of, for example, the so-called 5.1 channels (5.1 
ch) as the speakers 230 of a plurality of output sections 200 
including a center speaker 230C positioned at reference 
audio position, namely, substantially at the front of the 
audience listening to the reproduced audio data; a right front 
speaker 230R positioned at the right front to the audience; a 
left front speaker 230L positioned at the left front to the 
audience; a right rear speaker 230SR positioned at the right 
rear to the audience; a left rear speaker 230SL positioned at 
the left rear to the audience; and a speaker for bass mood 
sound 230LFE for reproducing bass components as bass 
mood sound corresponding to 0.1 ch. The con?gurations 
also can be others such as the one With 6.1 ch in Which an 
additional rear speaker is positioned substantially at the 
center (namely, substantially opposite to the center speaker 
230C and at the rear of the audience), or the one With 7.1 ch 
in Which tWo additional rear speakers are positioned like 
surround speakers. 

[0025] The DAC 210 is connected to the producing device 
100, and converts processed digital audio data outputted 
from the producing device 100 into analog data. The DAC 
210 outputs the audio data converted into analog ones to 
each ampli?er 220. 

[0026] Each ampli?er 220 is connected to the DAC 210 
and is also connected to the speaker 230. These ampli?ers 
220 process audio data of analog signals outputted from the 
DAC 210 so that the data can be outputted from the speaker 
230 according to the necessity, and outputs data to the 
speaker 230 for reproduction. 

[0027] On the other hand, the producing device 100 com 
prises a system microcomputer 300, an input operating 
section 400, a monitor 500, and an audio processor 600. The 
system microcomputer 300 controls operations of the entire 
reproducing device 100. To the system microcomputer 300 
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are connected the input operating section 400, the monitor 
500, and the audio processor 600. 

[0028] The input operating section 400 has a plurality of 
sWitches, such as, for example, operation buttons and opera 
tion knobs (not shoWn) With Which input operations can be 
performed. The input operating section 400 outputs a pre 
speci?ed signal to the system microcomputer 300 in 
response to operations With these sWitches to input and set 
various conditions in the system microcomputer 300. It is to 
be noted that the description for the input operating section 
assumes the con?guration in Which input and setting is 
conducted by means of input operations With the sWitches, 
but the present invention is not limited to this con?guration, 
and any con?guration is alloWable such as the one in Which 
input operations is conducted through voice input or the like. 
Further, the con?guration also may be the one in Which a 
remote controller is employed so that a signal corresponding 
to input operations is transmitted via a radio medium to the 
system microcomputer 300 for inputting and setting various 
conditions. 

[0029] In the monitor 500, a liquid crystal, EL (Electro 
Luminescence) panel or the like is used for a display device. 
The monitor 500 displays the processing state, reproducing/ 
outputting conditions and contents of input operations of 
audio data under controls by the system microcomputer 300, 
and based on a signal outputted from the system microcom 
puter 300. 

[0030] The audio processor 600 processes, under controls 
by the system microcomputer 300, audio data for reproduc 
ing and outputting the same as voice from the speakers 230 
of the outputting sections 200. The audio processor 600 
comprises a plurality of audio data input terminals 610, a 
DIR (Digital Interface Receiver) 620 as an audio data 
fetching section, a DSP (Digital Signal Processor) 630 as an 
audio data processing device, and a plurality (for eXample, 
siX) of audio data output terminals 660 corresponding to the 
outputting sections 200. 

[0031] It is to be noted that description of this embodiment 
assumes the con?guration in Which siX units, for eXample, of 
both the outputting sections 200 and the audio data output 
terminals 660 are provided so that the number of units of the 
audio data output terminals 660 corresponds to that of the 
outputting sections 200, but the con?guration also can be the 
one in Which a part of or all of a plurality of the outputting 
sections 200 are Wireless one capable of transferring the 
processed audio data via a radio medium. With the con?gu 
ration like this, the reproducing device 100 may be provided 
With, for example, a transmitting section for transmitting the 
processed audio data, While the outputting section 200 may 
be provided With a receiving section for receiving the audio 
data. 

[0032] The audio data input terminals 610 include the 
terminals, to each of Which a connector or a lead Wire 
detachably connected to a plug (not shoWn) is connected. 
The audio data input terminals 610 are detachably connected 
to an audio data output device for outputting audio data, and 
the audio data input terminals 610 receives the audio data 
outputted from this audio data output apparatus. The audio 
data include, for eXample, audio data of digital signal 
converted from audio data of analog signal outputted from 
an electronic musical instrument (not shoWn) With an ana 
log/digital converter, or audio data of digital signal read out 
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from a recording medium such as an optical disk and a 
magnetic disk as described above With a drive of a read-out 
device. 

[0033] The DIR 620 is connected to the audio data input 
terminals 610. The DIR 620 fetches the audio data inputted 
in the audio data input terminals 610 to convert the data 
according to the necessity, and outputs the data as an audio 
data stream to the DSP 630 connected to the DIR 620. 

[0034] The audio data output terminals 660 include, for 
eXample, the terminals, to each of Which a connector or a 
lead Wire connected to a plug is connected. The audio data 
output terminals 660 are connected to the DSP 630 as Well 
as to the DAC 210 of each of the outputting sections 200, 
and in other Words a plurality of the audio data output 
terminals 660 corresponding to the number of the outputting 
sections 200 are provided, and the audio data output termi 
nals 660 can be connected to each outputting section 200 via 
a lead Wire. The audio data output terminals 660 then output 
audio data outputted from the DSP 630 to the outputting 
section 200. 

[0035] The DSP 630 is connected to the DIR 620, the 
audio data output terminals 660, and the system microcom 
puter 300. The DSP 630 is controlled by the system micro 
computer 300, fetches stream audio data outputted from the 
DIR 620, conducts the so-called miXing processing and 
effect processing for the audio data according to the neces 
sity, and outputs the audio data to the audio data output 
terminals 660. The DSP 630 comprises a plurality of input 
terminals 631 as an audio data fetching section, a data bus 
632, a stream data input section 633, a host interface section 
634, a memory 635 as a storing section, a computing section 
636 as a controlling section as a computing tool, an audio 
data outputting section 637, and a plurality of output termi 
nals 638. 

[0036] The input terminals 631 are connected to the DIR 
620, and receive an audio data stream outputted from the 
DIR 620 corresponding to the audio data inputted from each 
of the audio data input terminals 610. These input terminals 
631 are provided in a plurality in number corresponding to 
the number of the audio data input terminals 610, and 
receive the corresponding audio data stream inputted in each 
of the audio data input terminals 610 and then processed in 
and outputted from the DIR 620 

[0037] The data stream inputting section 633 is connected 
to the input terminals 631 and the data bus 632. The data 
stream inputting section 633 fetches an audio data stream 
inputted from the DIR 620 to the input terminals 631, and 
outputs the data to the data bus 632 according to the 
necessity. 

[0038] The host interface section 634 is connected to the 
system microcomputer 300 and the data bus 632. The host 
interface section 634 outputs instructions and commands 
from the system microcomputer 300 via the data bus 632 to 
the computing section 636, and makes the computing sec 
tion operate according to the necessity. 

[0039] The audio data outputting section 637 is connected 
to the data bus 632 and the output terminals 638. The audio 
data outputting section 637 fetches the audio data processed 
as described beloW in the computing section 636 from the 
data bus 632, and outputs the data to the output terminals 
638 according to the necessity. 
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[0040] The output terminals 638 are provided in a plurality 
in number corresponding to the number of the input termi 
nals 631. These output terminals 638 output the audio data 
stream inputted in the input terminals 631 and then outputted 
from the audio data outputting section 637 as audio data L, 
R, LS, RS, C and LFE (LoW Frequency Effect) for each 
channel reproduced and outputted from the speaker 230 of 
each outputting section 200. It is to be noted that the audio 
data LFE corresponds to 0.1 ch of 5.1 ch, namely, is a 
channel containing only bass components Which are bass 
mood sound reproduced and outputted from the speaker 230 
LFE for base mood sound, While in turn, though details are 
described later, the speaker 230 LFE for base mood sound 
can also function as a channel, With a sWitching operation, 
for reproducing and outputting audio data as it is, Without 
?ltering off sound at a prespeci?ed frequency, like other 
speakers 230C, 230F, 230L, 230SR and 230SL. 

[0041] The memory 635 has the con?guration, for 
eXample, in Which a recording medium such as an optical 
disk and a magnetic disk or a memory card comprises a drive 
or a driver for recording and reading out various data, and 
in Which a recording medium is a semiconductor chip 
capable of storing and reading out various data. The memory 
635 is connected to the data bus 632 and stores therein 
programs for processing audio data streams according to the 
necessity, processing conditions for deference of prespeci 
?ed stream audio data, and the like. The memory 635 also 
has, for eXample, a data storage area 635A for storing therein 
an audio data stream as described later. 

[0042] The computing section 636 is connected to the data 
bus 632, and processes stream audio data outputted from the 
stream data input section 633 to the data bus 632 based on 
the programs and processing conditions stored in the 
memory 635 in response to a command signal from the 
system microcomputer 300 according to the necessity. 

[0043] The DSP 630 is composed of, as shoWn in FIG. 2, 
a controller 710 functioning as a controlling section, the data 
storage area 635A of the memory 635, and a miXing effect 
section 720. Namely, the controller 710 temporarily stores in 
the data storage area 635A an audio data stream inputted 
from each input terminal 631, and also makes the miXing 
effect section 720 assign the data to each speaker 230. The 
miXing effect section 720 comprises, as shoWn in FIG. 3, a 
plurality of, namely, the number of units corresponding to 
the input terminals 631 of the audio data processing sections 
800. These audio data processing sections 800 comprise an 
output adjusting section 810, an effect processing section 
820, a plurality of loW-pass ?lters 830, a ?lter selecting 
section 840, a plurality of discrete output adjusting sections 
850, a delay processor 860, and a bass sound processing 
sWitching section 870. 

[0044] The controller 710 is connected to the memory 
section 635 as Well as to the input terminal 631, and is 
connected also to the delay processor 860, ?lter selecting 
section 840, and bass sound processing sWitching section 
870 in each audio data processing section 800 of the miXing 
effect section 720. The controller 710 fetches a synchroni 
Zation signal inputted into any of the input terminals 631, 
and has audio data streams inputted to other input terminals 
631 temporally stored in a data storage area 635A of the 
memory section 635 based on this synchroniZation signal. 
This synchroniZation signal is a signal for synchronous 
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output of audio data from the audio data input terminals 610 
at the same timing, and includes a reference pulse or an 
internal clock. 

[0045] The controller 710 controls, as described in detail 
beloW, the delay processing for delaying an audio data 
stream read out from the data storage area 635A of the 
memory 635 based on the synchroniZation signal by con 
trolling the delay processor 860 in each audio data process 
ing section 800. The controls include, for instance, the 
processing for outputting speci?ed audio data for reproduc 
tion based on time information for the speci?ed audio data, 
When a speci?ed image is outputted, in synchronism to 
output of the image, and the processing for synchronously 
outputting audio data streams inputted from the audio data 
input terminals 610 respectively based on the time informa 
tion included in the audio data streams. 

[0046] Further the controller 710 eXecutes the processing 
for having an audio data stream outputted from the effect 
processing section 820 passed through the speci?ed loW 
pass ?lter 830 by controlling the ?lter selecting section 840 
of each audio data processing section 800. The controller 
710 also executes the processing, as described in detail 
beloW, for deciding Whether the audio data stream outputted 
from the effect processing section 820 is to be ordinarily 
outputted for reproduction from the speci?ed speaker 230 or 
to be outputted for reproduction as speci?ed bass mood 
sounds by controlling the bass sound processing sWitching 
section 870. 

[0047] Controls by the system controller 710 over the ?lter 
selecting section 840 and the bass sound processing sWitch 
ing section 870 in each audio data processing section 800 are 
carried out, for instance, according to speci?ed control 
signals Which the system microcomputer 300 outputs based 
on signals outputted in input operations With operation 
buttons or operation knobs in the input operating section 400 
and in response to input operations from the speakers 230. 
The computing section recogniZes the control signals out 
putted from the system microcomputer 300 via the host 
interface section 634 and the data bus 632, and the controller 
710 as a program provides controls for sWitching based on 
the control signals. 

[0048] The output adjusting sections 810 of the audio data 
processing sections 800 in the miXing effect section 720 are 
connected to the input terminals 631 respectively to fetch 
audio data streams inputted to the input terminals 631, and 
provide controls for outputting the fetched audio data 
streams at speci?ed output levels respectively. The output 
controls include, for instance, output of a control signal from 
the system microcomputer 300 for adjusting an output level, 
namely a volume of audio data from the speaker 230 in 
response to an input operation based on signals outputted 
corresponding to the input operations With operation buttons 
or operation knobs in the input operating section 400. The 
control signal outputted from the system microcomputer 300 
is recogniZed by the computing section 636 via the host 
interface section 634 and the data bus 732, and the output 
adjusting section 810 as a program controls an output level 
for the fetched audio data stream in response to the control 
signal. 

[0049] The effect processing section 820 is connected to 
the output adjusting section 810, and subjects an audio data 
stream outputted from the output adjusting section 810 to the 
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effect processing. More speci?cally, the effect processing 
section 820 changes the sound quality of audio data streams 
reproduced and outputted from the speakers 230 by chang 
ing tone or adding echo thereto (or the like) through chang 
ing the frequency or phase. In the effect processing section 
820, contents of the effect processing is set, for instance, 
based on a control signal from the system rnicrocornputer 
300 in response to an input operation in the input operating 
section 400 as described above. The effect processing sec 
tion 820 divides the audio data streams having been sub 
jected to the effect processing to a plurality of smaller 
streams and outputs the divided strearns. Namely, the delay 
processor 860 and the ?lter selecting section 840 are con 
nected to the effect processing section 820, and as described 
in detail beloW, the effect processing section 820 divides an 
audio data stream to six rninor data streams in correspon 
dence to the number of speakers 230 outputting the minor 
data streams respectively, subjects the audio data to the 
delay processing With the delay processor 860, and can also 
execute the processing for extracting bass rnood sounds With 
the ?lter selecting section 840. 

[0050] The loW-pass ?lter 830 (LPF) ?lters off data having 
higher frequencies than a reference frequency in an audio 
data stream outputted from the effect processing section 820, 
and alloWs for passage of data having loWer frequencies than 
the reference frequency therethrough. a plurality of the 
loW-pass ?lters 830 are provided corresponding to different 
frequency bands so that data in various different frequency 
bands can be ?ltered off thereby. Each of the loW-pass ?lters 
820 is connected to the ?lter selecting section 840. 

[0051] The ?lter selecting section 840 is connected to the 
effect processing section 820, and selects, under control of 
the controller 710, any one of the loW-pass ?lters 830 to 
alloW for passage of an audio data stream outputted from the 
effect processing section 820 therethrough. The sWitching 
control by the controller 710 is carried out, for instance, 
according to a control signal from the system microcom 
puter 300 in response to an input operation in the input 
operating section 400. 

[0052] The discrete output adjusting section 850 provides 
controls over volumes of audio data streams reproduced by 
the speakers 230 discretely. Also the volume control is 
carried out, like in the output adjusting section 810, accord 
ing to a control signal issued from the system microcom 
puter 300 in response to an input operation in the input 
operating section 400. The discrete output adjusting section 
850 to respond to audio data streams reproduced and out 
putted from the center speaker 230C, right front speaker 
230R, left front speaker 230L, right read speaker 230SR, and 
left rear speaker 230SL are provided, for instance, betWeen 
the delay processing section 860 and the effect processing 
section 820, and the audio data streams divided by and 
outputted from the effect processing 820 are subjected to the 
processing for volume control and then to the delay pro 
cessing. On the other hand, the discrete output adjusting 
section 850 to respond to audio data streams reproduced and 
outputted from the speaker 230 LFE for bass rnood sounds 
are provided at positions Where the audio data streams are 
subjected to volume control after the delay processing or the 
processing by the loW-pass ?lter to ?lter off data having 
frequencies in a speci?ed frequency band, narnely betWeen 
the delay processor 860, or loW-pass ?lter 830, and output 
terminals 638. 
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[0053] The delay processor 860 comprises a plurality of 
delay processing sections 861 corresponding, for instance, to 
a number of the output sections 200. Each of the delay 
processing sections 861 in the delay processors 860 executes 
the delay processing so that the delay time becornes longer 
as a distance to the audience becornes shorter With reference 
to the speaker 230 located at the furthest position from the 
audience as a reference position in each output section 200. 
Namely, the delay processing is carried out so that the 
audience can hear audio data streams from the speakers 230 
at the same tirning. In relation to the delay processing carried 
out in relation to positions of the speakers 230, also the 
con?guration in Which the delay processing is not carried 
out by sWitching is alloWable, and therefore the con?gura 
tion may be employed in Which the audio data output 
terminal 660 is connected not to the output section 200, but 
to, for instance, an output interface for recording processed 
audio data in various types of recording media in place of 
sWitching operations in the input operating section 400 or in 
Which a transrnitting section for transmitting audio data via 
a netWork, or an encoder is connected thereto. 

[0054] The delay processor 860 executes the delay pro 
cessing under controls by the controller 710 so that the delay 
time generally becornes relatively longer in response to a 
sWitching operation of the ?lter selecting section 840. 
Narnely, in response to a delay generated When the controller 
710 sWitches the bass sound processing sWitching section 
870 to select the processing for extracting bass sound 
components from an audio data stream and When the audio 
data stream is passed through the loW-pass ?lter 830 selected 
by the controller 710 by sWitching the ?lter selecting section 
840, audio data streams outputted from other speakers 230 
including the center speaker 230C, right front speaker 230R, 
left front speaker 230L, right rear speaker 230SR, and left 
rear speaker 230 SL are delayed to synchroniZe the timing 
for reproducing and outputting the audio data streams to the 
timing for reproducing and outputting the bass rnood sounds 
from the speaker 230LFE for bass rnood sounds. 

[0055] More speci?cally, the delay time is set by the 
controller 710 so that the group delay characteristics is ?at 
When space-synthesiZed for reproduction, narnely so that the 
relation betWeen a frequency and a group delay is substan 
tially ?at against the frequency When an audio data stream 
outputted from the speaker 230LFE for bass rnood sounds is 
synthesiZed With audio data streams outputted from other 
speakers 230C, 230R, 230L, 230SR, and 230SL, and the 
delay processing is carried out by each delay processing 
section 861. In a case Where the output sections 200 are 
connected to the audio data output terminals 660 and also the 
delay processing to respond to positions of the output 
sections 200 is required to be executed, the delay processing 
is carried out by the delay processing sections 861 based on 
signals generated by adding delay times relating to the 
distances to the audience to the preset delay time. 

[0056] When the loW-pass ?lter 830 is a ButterWorth type 
of loW-pass ?lter comprising a ladder-forrned LC circuit, the 
delay time is computed according to the cut-off frequency, 
Which is a frequency for cutting off, and the number of the 
loW-pass ?lters, namely a number of reactors and capacitors 
connected to the ladder-forrned LC circuit, in the matrix 
form as shoWn in Table 3 beloW based on the ButterWorth 
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characteristics. The controller 710 computes the delay time 
through the operational expression for computing the delay 
time. 

[0057] Also the con?guration is alloWable in Which a 
result of computing is stored in the memory section 635 as 
data having a matrix-formed tabular structure indicating the 
cut-off frequencies and a number of loW-pass ?lters 830 as 
shoWn in Table 3, and a delay time corresponding to the 
selected loW-pass ?lter 830 is read out from the matrix 
formed tabular structure data shoWn in Table 3. 

TABLE 3 

Cut-off Number of PLF 

frequency 1 2 3 4 6 8 

63 1.1 3.6 5.7 7.7 11.6 15.2 
80 0.9 2.9 4.6 6.1 9.1 12.1 

100 0.7 2.2 3.6 4.9 7.2 9.6 
125 0.6 1.7 2.9 3.9 5.7 7.6 
160 0.4 1.4 2.2 3.1 4.4 5.9 

Unit: ms 

[0058] As the operational expression is used by the con 
troller 710 for computing, for instance, an operational 
expression approximated With a quadratic function shoWn in 
the folloWing mathematic expression (1) may be employed 
in the range Where the cut-off frequency for the ButterWorth 
type of loW-pass ?lter 830 is from 40 HZ to 200 HZ. More 
speci?cally, the mathematic expression (1) approximated by 
the folloWing quadratic expression for a cut-off frequency 
and the operational expression based on the conditions 
shoWn in Table 1 are obtained by obtaining an approximate 
value by plotting as a function betWeen a cut-off frequency 
and a number of loW-pass ?lters. In the mathematical 
expression (1), T indicates a delay time [ms], Fc indicates a 
cut-off frequency, and a0, a1, a2 indicates coefficients respec 
tively. In a case of the ButterWorth type of loW-pass ?lter 
830, the values of a0, a1, a2 in the range of cut-off frequency 
from 40 HZ to 200 HZ are as shoWn in Table 2. 

T=aU'Fc2+a1'Fc+a2 (1) 

[0059] 

TABLE 1 

Order a0 a1 a2 

1 4.3E-05 —0.017 1.96 
2 2.4E-04 —0.076 7.44 
3 3.1E-04 —0.10 10.97 
4 4.4E-04 —0.14 14.98 
6 6.9E-04 —0.23 22.92 
8 8.6E-04 —0.29 29.61 

[0060] The operational expression used by the controller 
710 for computing is not limited to the mathematical expres 
sion (1) shoWn in Table 1 above, and the cut-off frequency 
may be set to values Within the range provided by the 
operational expression shoWn by the mathematical expres 
sion (2) shoWn beloW by taking into consideration a toler 
ance of electrical characteristics in reactors and capacitors 
each constituting the loW-pass ?lter 830, and a range in 
Which the audience feels that sounds are reproduced from 
the speakers 230 in the synchronous state. Namely, Within 
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the range indicated by the mathematical expression (2), 
discomfort caused by reproduction and output of bass mood 
sounds With a delay is not generated, and the audience has 
the comfortable feeling When hearing the reproduced 
sounds. The coef?cients e1 and e2 in the operational expres 
sion shoWn by the mathematical expression (2) are as shoWn 
in Table 2 beloW: 

(T-Q1*D<T<(T_Q2*T) (2) 

[0061] 

TABLE 2 

Order e1 e2 

1 0.10 0.15 
2 0.10 0.15 
3 0.10 0.15 
4 0.10 0.15 
6 0.10 0.10 
8 0.10 0.10 

[0062] Also in a case Where the loW-pass ?lter 830 is not 
of the ButterWorth type, as shoWn in FIG. 5, assuming that 
the time point When an amplitude of an impulse response in 
the loW-pass ?lter 830 is the maximum value is "c, the delay 
time T can be computed through the operational expression 

shoWn by the folloWing mathematical expression Namely by executing the delay processing according to the 

delay time T, the audience does not feel the discomfort due 
to reproduction and output of the bass mood sounds With a 
delay, and feels the comfort When hearing the reproduced 
sounds. 

[0063] As described above, audio data streams subjected 
to the delay processing according to the delay computed by 
the controller 710 and outputted from the delay processor 
860 are outputted to the output terminals 638 corresponding 
to the speakers 230 respectively. 

[0064] The bass sound processing sWitching section 870 
determines, under controls by the controller 710, Whether 
the audio data reproduced and outputted from the speakers 
230 LEE for bass mood sounds is to be outputted as audio 
data extracted as bass mood sounds by ?ltering data With 
speci?ed frequencies by means of passing the data through 
the loW-pass ?lter 830 or as ordinary audio data With the 
components having speci?ed frequencies not ?ltered off like 
those outputted from other speakers 230C, 230R, 230L, 
230SR, and 230SL. Namely the bass sound processing 
sWitching section 870 is provided betWeen the delay pro 
cessing section 861 of the delay processor 860 correspond 
ing to the speaker 230LFE for bass mood sounds or a 
plurality of loW-pas ?lters 830 and the discrete output 
adjusting section 850 corresponding to the speaker 230LFE 
for bass mood sounds. The bass sound processing sWitching 
section 870 selects under controls by the controller 710 the 
delay processing section 861 corresponding to the speaker 
230LFE for bass mood sounds or a plurality of loW-pass 
?lters 830 to set a quality of sounds reproduced and out 
putted from the speaker 230LFE for bass mood sounds. The 
sWitching control for the bass sound processing sWitching 
section 870 by the controller 710 is carried out according a 
control signal from the system microcomputer 300 issued, 
for instance, in response to an input operation in the input 
operating section 400. 
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[0065] [Operations of the Reproducing Device] 
[0066] Operations for reproduction of audio data by the 
reproducing device are described below. 

[0067] (Direct Reproduction Processing) 
[0068] At ?rst, as a reproducing device’s operation for 
reproduction, the operation for processing input audio data 
to directly output the audio data from speakers 230 of the 
output section 200 respectively is described beloW. 

[0069] The speakers 230 are provided With prespeci?ed 
positional relations Within a preset alloWable range. The 
speakers are connected to the audio data output terminals 
660 of the reproducing device 100, and also an audio data 
output device such as an electronic musical instrument for 
outputting audio data or a reader (not shoWn) is connected 
to the audio data input terminal 610. When poWer is supplied 
to the reproducing device 100 or the audio data output 
device in this state, system microcomputer 300 recogniZes 
various types of input operations in the input operation 
section 400 by the audience. 

[0070] Namely, the computing section 636 recogniZes 
contents of the input operation in the input operating section 
by the audience to instruct Whether the audio data repro 
duced by the speaker 230 LFE for bass mood sounds is to be 
outputted as bass mood sounds or similarly from the other 
speakers 230. The controller 710 sWitches the bass sound 
processing sWitching section 870 according to contents of 
the input operation. In other Words, the bass sounds pro 
cessing sWitching section 870 is sWitched and connected to 
either the loW-pass ?lter 830 or the delay processor 860 
according to a control signal from the controller 710. 

[0071] The computing section 636 recogniZes Which of the 
loW-pass ?lters 830 has been selected and set in correspon 
dence to contents of the setting for bass sounds, namely to 
the quality of sounds to be reproduced and outputted in the 
state Where the instruction for outputting the audio data as 
bass mood sounds has been issued. Then, in response to the 
contents of this input operation, the controller 710 makes the 
?lter selecting section 840 operate for sWitching to any of 
the loW-pass ?lters 830. 

[0072] The computing section 636 recogniZes, When the 
bass sound processing sWitching section 870 is sWitched to 
the loW-pass ?lter 830 for outputting the audio data as bass 
mood sounds from the speaker 230 LFE for bass mood 
sounds, the loW-pass ?lter 830 selected by the ?lter selecting 
section 840, and computes the delay time for delaying an 
audio data stream by the delay processor 860. Namely the 
computing section 636 reads out the delay time correspond 
ing to a range of each of the speakers 230 to the audience 
previously stored in the memory section 635. Further the 
computing section 636 reads out the delay time correspond 
ing to a delay time generated When the audio data stream 
passes through the loW-pass ?lter 830 in correspondence to 
the characteristics of the selected loW-pass ?lter 830 from 
data previously stored With a matrix-like tabular structure as 
shoWn in Table 1. Then the computing section 636 sums up 
the delay times read out as described above and sets the total 
delay time so that the delay processing can be carried out by 
the delay processing section 861 in each delay processor 
860. 

[0073] In addition to the con?guration in Which a delay 
time is read out from the data stored in the memory section 
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635, in a case Where an operational expression shoWn by the 
mathematical expression (1) or the mathematical expression 
(3) is stored in the memory section 635, a delay time 
generated When an audio data stream passes through the 
loW-pass ?lter 830 is computed through the operational 
expressions. The delay processing may be carried out by 
adding the delay time computed as described above to the 
delay time corresponding to a distance of each speaker from 
the audience. 

[0074] Further the computing section 636 recogniZed an 
output level for reproducing the audio data from each of the 
speakers 230, namely contents of an input operation for a 
volume of output sounds. Then, based on the contents of the 
input operation, the controller 710 sets conditions, namely 
sets prespeci?ed values for volume control in the output 
adjusting section 810 and in discrete output adjusting section 
850 so that the output level for reproducing the audio data 
stream passing therethrough can be adjusted. 

[0075] Further the computing section 636 sets a quality of 
audio data to be reproduced from each of the speakers 230, 
namely recogniZes contents of an input operation for setting 
the processing for sound effect. Then, based on the recog 
niZed contents of the input operation, the controller 710 sets 
values for subjecting the audio data to the prespeci?ed sound 
effect processing by controlling the sound effect processing 
section 820 so that the passing audio data stream can be 
subjected to the sound effect processing corresponding to the 
contents of the input operation. 

[0076] In this state, When the audio data is outputted from 
an audio data output device, the audio data is inputted into 
the audio data input terminal 610 of the reproducing device 
100 to Which the audio data output device is connected. The 
audio data inputted into each audio data input terminal 610 
is subjected to necessary conversion in the DIR 620, and is 
outputted as an audio data stream to each DSP 630. In the 
DPS 630, a plurality of audio data streams fetched by the 
audio data input terminals 610 are fetched by a plurality of 
input terminals 631 corresponding to the audio data input 
terminals 610 respectively. The audio data streams fetched 
by the input terminals 631 are subjected to processing by the 
audio data processing sections 800 in the mixing effect 
section 720 respectively. 

[0077] Namely, the audio data streams inputted into the 
input terminals 631 are subjected to the processing for 
output level adjustment by the output adjusting section 810, 
namely for controlling the volumes according to the contents 
previously set based on control signals from the controller 
710 corresponding to an input operation by the audience in 
the input operation section 400. Further the audio data 
streams having been subjected to the processing for volume 
control are subjects to the sound effect processing by the 
sound effect processing section 820, namely converted to 
prespeci?ed sound qualities according to the contents of the 
input operation in the input operation section 400. 

[0078] As the ?lter selecting section 840 and the bass 
sound processing section/sWitching 870 are connected to the 
loW-pass ?lter 830, the audio data streams outputted from 
the sound effects processing section 820 pass through the 
loW-pass ?lter 830 selected by the ?lter selecting section 
840. When the audio data streams pass through the loW-pass 
?lter 830, frequency components in the audio data streams 
higher than the preset cut-off frequency are removed from 
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the audio data streams, and then the audio data streams are 
outputted to the discrete output adjustment sections 850 
connected in the doWnstream side and corresponding to the 
speakers 230 LFE for bass mood sounds. The audio data 
streams outputted to the discrete output adjusting sections 
850 are subjected to the processing for volume control 
according to the preset contents corresponding to an input 
operation in the input operating section 400 and then are 
outputted to the output terminals 638, and are combined With 
data streams outputted from other audio data processing 
sections 800. 

[0079] The audio data streams having passed through the 
sound effect processing section 820 are subjected to the 
processing for volume control by the discrete output adjust 
ing sections 850 corresponding to the speakers 230C, 230R, 
230L, 230SR, and 230SL according to the preset contents 
corresponding to an input operation in the input operating 
section 400, and are outputted to the delay processor 860. 
The audio data streams outputted to the delay processor 860 
are subjected to the delay processing by the delay processing 
section 861 corresponding to the speakers 230C, 230R, 
230L, 230SR, and 230SL according to the delay time 
previously set for the loW-pass ?lter 830, outputted to the 
output terminals 638 connected to the corresponding speak 
ers 230C, 230R, 230L, 230SR, and 230SL, and are com 
bined With the audio data streams having been subjected to 
the delay processing and outputted from the audio data 
processing sections 800. 

[0080] The audio data streams combined in the output 
terminals 638 With those from the audio data processing 
sections 800 to be outputted from the output sections 200 
respectively are outputted from the audio data output ter 
minals 660 to DACs 210 of the output sections 200, and are 
converted to analog signal audio data streams according to 
the necessity. Further the audio data streams are ampli?ed by 
the ampli?ers 220 and are reproduced from the speakers 
230. 

[0081] When it is determined by the computing section 
636 based on the recognition of an input operation per 
formed, for instance, When poWer is turned that the bass 
mood sounds are not necessary, the controller 710 simply 
reads out the delay times corresponding to positions of the 
speakers 230 from the memory section 635 and set the 
values in the delay processor 860. The determination that 
bass mood sounds are not necessary is made When it is 
recogniZed that the bass sound processing sWitching section 
870 has been sWitched and connected to the delay processor 
860 instructing output of audio data not having been sub 
jected to the processing for cutting off audio data at a 
prespeci?ed frequency like those outputted from other 
speakers 230 also from the bass sound speakers 230LFE. 

[0082] In this case, the audio data streams outputted from 
the sound effect processing 820 are sent via the discrete 
output adjusting sections 850, or Without being subjected to 
any speci?c processing to the delay processor 860, because 
the bass sound processing sWitching section 870 is con 
nected to the delay processor 860, and do not pass through 
the loW-pass ?lter 830. Then the audio data streams are 
subjected to the delay processing by the delay processing 
section 861 in the delay processor 860 according to the delay 
times corresponding to positions of the speakers 230 and are 
sent to the output terminals 638, While the audio data 
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streams having been subjected to the delay processing 
according to the delay time corresponding to a position of 
the bass sound speaker 230 LFE are sent via the discrete 
output adjusting sections 850 to the output terminals 638 and 
are combined With other audio data streams respectively, and 
are sent to the DACs 210 of the output sections 200. 

[0083] (Processing for Reproducing Accumulated Data) 

[0084] Operations of the reproducing device 100 for once 
storing input audio data and outputting the stored audio data 
in synchronism from the speakers 230 for reproduction 
thereof are described beloW. 

[0085] When poWer to the reproducing device 100 or the 
audio output device is turned on after all the necessary 
connections have been established, like in the case described 
above, the system microcomputer 300 recogniZed various 
input operations in the input operating section 400 by the 
audience. Further the computing section 636 Waits for input 
or an instruction for storing input audio data in response to 
an input operation in the input operating section 400. 

[0086] When the audio data is outputted from the output 
device and is inputted into the audio data input terminal 610 
of the reproducing device 100, and audio data is subjected 
to the processing by the miXing effect section 720 and is 
outputted from the speakers 230 for reproduction. While the 
audio data is being inputted from the audio data input 
terminal 610, When the computing section 636 recogniZes an 
instruction for storing the audio data in response to an input 
operation by the input operating section 400, the controller 
710 stores the audio data stream in a data storage area 635A 
of the memory section 635 With the time information as 
timing information for a period of time from a point of time 
When storage of the audio data is started according to the 
synchroniZation signal until a point of time for termination 
of the operation for storing the audio data added thereto. 

[0087] The plurality of sets of audio data stored in the 
memory section 635 as described above are displayed as 
output levels being plotted using the horiZontal aXis for the 
time and the vertical aXis for the output level on a display 
unit (not shoWn) connected, for instance, to the reproducing 
device 100. When the controller 710 eXecutes various types 
of processing such as jointing or overlaying the displayed 
audio data according to the necessity in response to an input 
operation in the input operating section 400 and then outputs 
the audio data in the processed state, the controller 710 reads 
out the audio data stream from the data storage area 635A of 
the memory section 635 based on the time information 
added to each audio data stream in response to the display. 
The controller 710 further subjects the read audio data 
streams to the delay processing as described above, output 
to the output terminals 638 for combining the audio data 
streams With other audio data streams, and outputs the 
combined audio data streams from the speakers 230 of the 
respective output sections 200 in the state processed on the 
display unit. 

[0088] (Audio Data Recording) 

[0089] Next, the operations of the reproducing device 100 
When, for instance, an output interface is connected thereto 
for recording processed audio data in a recording medium or 
distributing the audio data through a netWork in place of the 
output section 200 is described beloW. 
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[0090] After all of the necessary connections are estab 
lished, When power to the reproducing device 100 or the 
audio data output device is turned on, like in the case 
described above, the system microcomputer 300 recognized 
various input operations by an operator in the input operat 
ing section 400. When it is recognized that an input opera 
tion instructing an operation for recording the processed 
audio data or distributing the audio data through a netWork 
is carried out, the controller 710 provide controls, as the 
delay processing in the delay processors 860, to indicate that 
it is not necessary to take into consideration the delay 
processing for a position of each of the speakers 230. 

[0091] When the audio data is inputted, if it is necessary 
to pass the audio data through the loW-pass ?lter 830 as 
described above, a prespeci?ed delay time is read out or 
computed, the audio data is subjected to the delay processing 
according to the delay time read out or computed as 
described above and is outputted to the output terminal 638 
to be combined With other audio data and then to the output 
interface connected to the audio data output terminal 660. 

[0092] (Effects and Advantages of the Reproducing 
Device) 
[0093] Aresult of experiment for a case in Which the delay 
processing is executed and a case in Which the delay 
processing is not executed When passing audio data through 
the loW-pass ?lter 830 in the embodiment described above 
is described beloW. FIG. 6 is a graph shoWing a difference 
betWeen the cases With and Without the delaying processing 
in the relation to the frequency amplitude characteristic and 
frequencies in the embodiment. 

[0094] The embodiment described above in Which the 
delay processing is executed and a comparative example in 
Which the delay processing is carried out taking into con 
sideration only a distance betWeen the audience and each 
speaker Were compared to each other for the group delay 
characteristics under the conditions that the ButterWorth 
type of loW-pass ?lter Was used as the loW-pass ?lter 830 
and the audio data Was passed through the loW-pass ?lter 
830 With the attenuation as shoWn in FIG. 6. Aresult of the 
comparison is shoWn in FIG. 4. From FIG. 4, it is under 
stood that, by subjecting the audio data to the delay pro 
cessing in the same Way as that employed in the embodiment 
taking into consideration the characteristics of the loW-pass 
?lter 830, the group delay characteristics become substan 
tially ?at, and reproduction of the audio data is executed in 
the excellent state. 

[0095] As described above, in the embodiment described 
above, the controller 710 subjects the audio data outputted 
from the speakers 230C, 230R, 230L, 230SE, and 230SL for 
reproduction Without being passed through the loW-pass 
?lter 830 to the delay processing in each delay processing 
section 861 in the delay processor according to the delay 
time Which is a delay generated When the audio data is 
passed through the loW-pass ?lter alloWing for passage of 
audio data having speci?ed frequencies to be outputted from 
the speci?ed speaker 230LFE. Because of the con?guration 
as described above, even When bass components are 
extracted from the audio data for reproduction and a delay 
is generated in the timing for reproduction as compared to 
other audio data because of the processing for passing the 
audio data through the loW-pass ?lter 830, other audio data 
is delayed according to the delay and can be outputted at the 
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same timing as that for the bass components for reproduc 
tion. Therefore, even if the bass components to be extracted 
are sWitched by a plurality of loW-pass ?lters 830, correct 
timing for reproduction can be obtained each time, Which 
enables reproduction of excellent audio data. 

[0096] Then the controller 710 computes the delay time 
based on the operational expression expressed by the math 
ematical expression (1) providing an approximate value 
through a function for computing a delay time minimiZing 
dispersion of the group delay characteristics in the loW-pass 
?lter 830, Which the audio data passes through, for each 
frequency. Because of this con?guration, the delay time for 
reproducing both audio data for bass components passing 
through the loW-pass ?lter 830 and other audio data not 
passing through the loW-pass ?lter 830 at the same timing 
can easily be obtained in response to the characteristics of 
the loW-pass ?lter 830. 

[0097] Further the controller 710 computes the delay time 
based on a quadratic function for a cut-off frequency to be 
?ltered off by the loW-pass ?lter 830. Because of this feature, 
the controller 710 can easily compute the delay time for 
reproduction of audio data in the excellent state at the same 
timing With the processing load reduced, so that the pro 
cessing can be executed at a high speed With the con?gu 
ration easily simpli?ed, Which enables easy reproduction of 
audio data in the excellent state. In addition, it is not 
necessary to store audio data in the matrix state in the 
memory section 635 in correspondence to a plurality of 
loW-pass ?lters 830, so that a memory space in the memory 
section 635 can ef?ciently be utiliZed and the con?guration 
can easily be simpli?ed. Further the delay times previously 
computed through the operational expression are stored With 
the data structure correlated in the matrix state to the 
loW-pass ?lters 830 Which the audio data is passed through 
and are read out according to the necessity, so that the time 
until acquisition of a delay time is not necessary and the 
audio data can be processed quickly, so that the time until 
reproduction of audio data can be shortened and the audio 
data is reproduced in the excellent state. 

[0098] Further the controller 710 computes the delay time 
through the mathematical expression (1) in Which, assuming 
that T [ms] indicates a delay time and Fc indicates the cut-off 
frequency, the coefficients a0, a1, and a2 are the values as 
shoWn in Table 1. Because of this feature, the group delay 
characteristics for a frequency can easily be ?attened, so that 
the audio data can be reproduced at the same timing in the 
excellent state by using the simple operational expression. 
Especially, by using the ButterWorth type of loW-pass ?lter 
Widely used as the loW-pass ?lter 830, audio data can be 
reproduced in the excellent state, and further the audio data 
can be reproduced in the more excellent state by using a 
loW-pass ?lter With the cut-off frequency in the range from 
40 HZ to 200 HZ. 

[0099] Further the controller 710 executes the delay pro 
cessing according to the delay time computed through the 
mathematical expression (2) in Which the coef?cients e1 and 
e2 are the values shoWn in Table 2. Because of the feature, 
even When the ButterWorth type of loW-pass ?lter is not 
used, audio data can be reproduced in the excellent state 
With the versatility further improved. 

[0100] Further, assuming that the time When amplitude of 
an impulse response in the loW-pass ?lter 830 becomes the 
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maximum value is "c, the controller 710 executes the delay 
processing by computing the delay time T through the 
mathematical expression This con?guration is appli 
cable not only to the ButterWorth type of loW-pass ?lter 830, 
but also to any type of loW-pass ?lters including the Che 
bycheff type of loW-pass ?lter, an oval type of loW-pass 
?lter, and Bessel type of loW-pass ?lter, and the versatility 
is improved. 

[0101] Further sWitching by the bass sound processing 
sWitching section 870 is possible betWeen a case Where 
audio data is passed through the loW-pass ?lter 830 and a 
case Where the audio data is not passed through the loW-pass 
?lter 830, so that the speaker 230LFE for bass mood sounds 
can be used for ordinary audio data like other ordinary 
speakers 230C, 230R, 230L, 230SR, and 230 SL, so that the 
versatility can further be improved. 

[0102] [Variants of the Embodiment] 

[0103] The present invention is not limited to the embodi 
ment described above, and the folloWing variants Within a 
range in Which the objects of the present invention can be 
achieved are encompassed Within a scope of the present 
invention. 

[0104] In the embodiment described above, a number of 
channels are not limited ?ve as described above, and the 
con?guration is alloWable in Which multi-channel audio data 
for tWo or more channels is reproduced by using tWo or more 
speakers 230. Further the con?guration is allowable in 
Which also image data is processed for displaying the image 
data on a display unit. In the con?guration for processing 
also image data, it is required to subject also the image data 
to the delaying processing according to a delay generated 
When the data is passed through the loW-pass ?lter 830. With 
this con?guration, the image data can be reproduced in 
synchronism to the audio data reproduced from the speakers 
230, so that the audience can enjoy both the audio and image 
data in the excellent state. 

[0105] The description above assumes the con?guration in 
Which the audio data inputted from the audio data input 
terminal 610 are those from a musical instrument or a reader, 
but also the con?guration is alloWable in Which audio data 
to be distributed through a netWork is inputted. 

[0106] The reproducing device 100 is not limited to an 
audio device, and also the con?guration is alloWable in 
Which, for instance, the reproducing device 100 reads out a 
program and reproduces audio data according to the pro 
gram, in Which a plurality of personal computers or com 
puters are connected to each other for forming a computing 
section as the DSP 630, or in Which a circuit board With 
semiconductor chips or a plurality of electric parts mounted 
thereon is employed. Further the con?guration is alloWable 
in the present invention in Which a program read out by the 
computer(s) and a recording medium With the program 
recorded therein are used. In this case, extension of the 
applications can easily be realiZed. 

[0107] Although the description above assumes the con 
?guration in Which a plurality of loW-pass ?lters 830 are 
provided and are sWitched by the ?lter selecting section 840, 
also the con?guration is alloWable in Which only one loW 
pass ?lter 830 is used and sWitching of the loW-pass ?lter 
830 is not performed. 
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[0108] Further, although the description above assumes 
the con?guration in Which the audio data is not passed 
through the loW-pass ?lter 830 and the bass processing 
sWitching section 870 is provided in the speaker 230 for bass 
mood sounds to enable sWitching so that ordinary audio data 
can be reproduced, also the con?guration is alloWable in 
Which only the audio data for bass components Which is bass 
mood sound extracted through the loW-pass ?lter 830 can be 
reproduced. 
[0109] Although the description of the embodiment above 
assumes the use of a reproducing device Which can execute 
both the processing for direct reproduction requiring the 
delay processing and the processing for reproducing accu 
mulated data, also the con?guration is alloWable in Which 
only either one of the processing is executed. In the pro 
cessing for reproducing accumulated data, When the audio 
data is reproduced, the audio data to be passed through the 
loW-pas ?lter 830 is subjected to the negative delay pro 
cessing. Namely the con?guration is alloWable in Which the 
audio data for bass components is extracted from the 
memory section 635 at a point of time earlier by a period of 
time equal to a delay time generated When the audio data is 
passed through the loW-pass ?lter 830 and the audio data is 
passed through the loW-pass ?lter 830, and at the same time 
in Which the audio data reproduced from the other speakers 
230C, 230R, 230L, 230SR, and 230SL is read out from the 
memory section 635 in synchronism and is subjected to the 
processing for reproduction Without being subjected to the 
delay processing. Even With the con?guration as described 
above, both the audio data With the bass components 
extracted for the loW-pass ?lter 830 like in the embodiment 
described above and the audio data reproduced in the 
ordinary Way can synchronously be reproduced in the excel 
lent state. 

[0110] The present invention is not limited to the variants 
of the embodiment described above, and other various 
variants are possible Within a scope of the present invention. 

[0111] (Advantages of the Embodiment) 

[0112] In the embodiment described above, the controller 
710 subjects the audio data outputted from the speakers 
230C, 230R, 230L, 230SR, and 230SL for reproduction 
Without being passed through the loW-pass ?lter 830 to the 
delay processing by the delay processor 860 according to the 
delay time generated When the audio data outputted from the 
speci?ed speaker 230 LEE is passed through the loW-pass 
?lter alloWing passage of audio data having a speci?ed 
frequency. Because of the feature, When bass components 
are extracted from the audio data for reproduction by 
passing through the loW-pass ?lters 830, even the timing for 
reproducing the audio data is delayed from the timing for 
reproducing other audio data, the other audio data can be 
delayed according to the delay of the bass components so as 
to be outputted for reproduction at the same timing as that 
for the bass components. Therefore, even When the bass 
components to be extracted by a plurality of loW-pass ?lters 
830 are sWitched, the correct timing for reproduction can be 
obtained each time, so that the audio data can be reproduced 
in the excellent state. 

[0113] Further in the embodiment described above, the 
controller 710 has audio data stored in the memory 635 
together With time information as timing information con 
cerning the timing When the audio data is fetched. Then the 
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audio data correlated to the time information for a timing 
earlier by a period of time equal to a delay generated When 
the audio data outputted from the speci?ed speaker 230 LFE 
is read out from the memory section 635 based on a 
synchroniZation signal With the audio data passed through 
the loW-pass ?lter 830 and outputted from the speaker 230 
LFE for reproduction, and at the same time the audio data 
correlated to the time information for a timing correspond 
ing to the synchroniZation signal is read out from the 
memory 635, and is outputted from the speakers 230C, 
230R, 230L, 230SR, and 230SL for reproduction Without 
being passed through the loW-pass ?lter 830. Because of this 
con?guration, even When the timing is delayed from the 
timing for reproducing other audio data because of the 
processing for extracting bass components from the audio 
data and passing the audio data through the loW-pass ?lter 
830, the audio data is read out at a timing earlier than that 
for other audio data for synchronization, so that the audio 
data can be outputted for reproduction at the same timing as 
that for the other data. Because of this con?guration, even 
When the bass components extracted by a plurality of 
loW-pass ?lters 830 are sWitched, the correct timing for 
reproduction can be obtained each time, and the audio data 
can be reproduced in the excellent state. 

What is claimed is: 
1. An audio data processing device for processing audio 

data so that the audio data can be reproduced from a plurality 
of speakers, said audio data processing device comprising: 

an audio data fetching section for fetching said audio data; 

a delay processor for delaying said audio data; 

a ?lter only alloWing passage of audio data having a 
prespeci?ed frequency outputted from said prespeci?ed 
speakers; and 

a control section for subjecting the audio data reproduced 
by said speakers Without passing through said ?lter to 
the delay processing by the delay processor to delay the 
audio data by the period of time corresponding to the 
delay generated When said audio data passes through 
said ?lter. 

2. The audio data processing device according to claim 1 
having a plurality of said ?lters alloWing passage of audio 
data at different frequencies respectively, said audio pro 
cessing device further comprising: 

a ?lter selecting section for selecting any of these ?lters 
alloWing passage of said audio data, 

Wherein said control section subjects the audio data 
reproduced by said speakers Without passing through 
the ?lter to the delay processing to delay the audio data 
by the period of time corresponding to the delay 
generated When said audio data passes through the 
?lter. 

3. The audio data processing device according to claim 1, 

Wherein said control section executes the delay processing 
by computing a delay time for delaying the audio data 
by the replay processor based on a function providing 
an approximate value of a value at Which the dispersion 
of group delay characteristics of the ?lters, Which pass 
the audio data, for each frequency is minimiZed. 

4. The audio data processing device according to claim 1 
comprising: 
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a storage section for storing therein a delay time for 
delaying the audio data by said relaying section based 
on the function providing an approximate value of a 
value at Which the dispersion of group delay charac 
teristics of the ?lters, Which pass the audio data, for 
each frequency is minimiZed, 

Wherein said control section subjects the audio data to the 
replay processing by said replay processor by reading 
out the delay time corresponding to the ?lter With the 
audio data passing therethrough from said storage 
section. 

5. The audio data processing device according to claim 3, 

Wherein said function is a quadratic function for a cut-off 
frequency ?ltered off by said ?lter. 

6. The audio data processing device according to claim 5, 

Wherein, assuming that T indicates the delay time and Fc 
indicates the cut-off frequency, the function is the 
folloWing expression (1): 

T=aU*Fc2+a1'Fc+a2 (1) 

and in the expression, the coefficient a0, a1, and a2 are the 
values shoWn in Table 1 beloW: 

TABLE 1 

Order a0 a1 a2 

1 4.3E-05 —0.017 1.96 
2 2.4E-04 —0.076 7.44 
3 3.1E-04 —0.10 10.97 
4 4.4E-04 —0.14 14.98 
6 6.9E-04 —0.23 22.92 
8 8.6E-04 —0.29 29.61 

7. The audio data processing device according to claim 6, 

Wherein said control section makes said delay processor 
execute the delay processing based on a delay time T 
computed based on the folloWing expression (2): 

and in the expression, the coef?cients e1 and e2 are the 
values shoWn in Table 2 beloW: 

TABLE 2 

Order e1 e2 

1 0.10 0.15 
2 0 10 0.15 
3 0 10 0.15 
4 0 10 0.15 
6 0 10 0 10 
8 0.10 0.10 

8. The audio data processing device according to claim 1, 

Wherein said ?lter is the ButterWorth type of loW-pass 
?lter With the cut-off frequency in the range from 40 HZ 
to 200 HZ. 

9. The audio processing device according to claim 1, 

Wherein, assuming that the time When an amplitude of an 
impulse response in said ?lter is the maximum value is 
"c, said control section delays the audio data by 'c+0.15'c. 
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10. The audio data processing device according to claim 
1 further comprising: 

a storage section for storing therein said fetched audio 
data together With timing information concerning the 
timing When the audio data is fetched, 

Wherein, based on the timing information, said control 
section has the audio data to be passed through said 
?lter, Which is stored in said storage section, be read out 
and passed through said ?lter earlier by the period of 
time corresponding to the delay generated When the 
?lter is passed through said ?lter. 

11. The audio data processing device according to claim 
10, 

Wherein said delay processor reproduces the audio data 
not passing through said ?lter from each said speaker 
Without subjecting the audio data to the delay process 
ing. 

12. The audio data processing device according to claim 
10, 

Wherein said control section fetches a synchroniZation 
signal corresponding to the timing When said audio data 
is fetched and reads out the audio data stored in said 
storage section based on the synchroniZation signal. 

13. An audio data processing device for processing audio 
data so that the audio data can be reproduced from a plurality 
of speakers, said audio data processing device comprising: 

an audio data fetching section for fetching said audio data; 

a storage section for storing therein said fetched audio 
data together With the timing information concerning 
the timing When the audio data is fetched; 

a ?lter alloWing for passage of data having a prespeci?ed 
frequency among said audio data outputted from said 
prespeci?ed speakers; and 

a control section for fetching a synchroniZation signal 
corresponding to the timing When said audio data is 
fetched, reading out, based on the synchroniZation 
signal, said audio data stored in said storage section and 
correlated to said timing information specifying an 
earlier timing corresponding to a delay generated When 
said audio data passes through said ?lter and having the 
audio data passed through said ?lter so that the audio 
data can be outputted to be reproduced from said 
speakers, and also having said audio data stored in said 
storage section and correlated to said timing informa 
tion specifying a timing corresponding to said synchro 
niZation signal outputted Without being passed through 
said ?lter so that the audio data can be outputted to be 
reproduced by said speakers. 

14. An audio data processing method of processing audio 
data so that the audio data can be reproduced from a plurality 
of speakers, comprising the steps of: 

having the audio data outputted from said prespeci?ed 
speakers to pass through a ?lter alloWing passage of 
audio data having a prespeci?ed frequency; and 

subjecting the audio data not passing through said ?lter 
and reproduced by said speakers to the delay process 
ing for delaying the audio data by the delay generated 
When said audio data passes through said ?lter. 
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15. An audio data processing method for processing audio 
data so that the audio data can be reproduced from a plurality 
of speakers, comprising the steps of: 

fetching said audio data and also fetching a synchroniZa 
tion signal corresponding to the timing When the audio 
data is fetched; 

storing the fetched audio data together With timing infor 
mation concerning the timing When the audio data is 
fetched based on said synchroniZation signal; and 

reading out, based on the synchroniZation signal, said 
audio data correlated to said timing information for an 
earlier timing corresponding to the delay generated 
When said audio data outputted from said speakers is 
passed through a ?lter alloWing passage of the audio 
data having a prespeci?ed frequency to pass the audio 
data through said ?lter so that the audio data can be 
outputted to be reproduced from said speakers, and also 
reading out the audio data correlated to said timing 
information for a timing corresponding to said synchro 
niZation signal and outputting the audio data so that the 
audio data can be reproduced from said speakers With 
out being passed through said ?lter. 

16. An audio data processing program for making a 
computing section eXecute an audio data processing method 
for processing audio data so that the audio data can be 
reproduced from a plurality of speakers, the method com 
prising the steps of: 

having the audio data outputted from said prespeci?ed 
speakers to pass through a ?lter alloWing passage of 
audio data having a prespeci?ed frequency; and 

subjecting the audio data not passing through said ?lter 
and reproduced by said speakers to the delay process 
ing for delaying the audio data by the delay generated 
When said audio data passes through said ?lter. 

17. An audio data processing program for making a 
computing section eXecute an audio data processing method 
for processing audio data so that the audio data can be 
reproduced from a plurality of speakers, the method com 
prising the steps of: 

fetching said audio data and also fetching a synchroniZa 
tion signal corresponding to the timing When the audio 
data is fetched; 

storing the fetched audio data together With timing infor 
mation concerning the timing When the audio data is 
fetched based on said synchroniZation signal; and 

reading out, based on the synchroniZation signal, said 
audio data correlated to said timing information for an 
earlier timing corresponding to the delay generated 
When said audio data outputted from said speakers is 
passed through a ?lter alloWing passage of the audio 
data having a prespeci?ed frequency to pass the audio 
data through said ?lter so that the audio data can be 
outputted to be reproduced from said speakers, and also 
reading out the audio data correlated to said timing 
information for a timing corresponding to said synchro 
niZation signal and outputting the audio data so that the 
audio data can be reproduced from said speakers With 
out being passed through said ?lter. 
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18. A recording medium With an audio data processing fetching said audio data and also fetching a synchroniZa 
program recorded therein so that the program can be read out 
by a computing section, Wherein the audio data processing 
program makes the computing section execute an audio data 
processing method for processing audio data so that the 
audio data can be reproduced from a plurality of speakers, 
the method comprising the steps of: 

having the audio data outputted from said prespeci?ed 
speakers to pass through a ?lter alloWing passage of 
audio data having a prespeci?ed frequency; and 

subjecting the audio data not passing through said ?lter 
and reproduced by said speakers to the delay process 
ing for delaying the audio data by the delay generated 
When said audio data passes through said ?lter. 

19. A recording medium With an audio data processing 
program recorded therein so that the program can be read out 
by a computing section, Wherein the audio data processing 
program makes the computing section execute an audio data 
processing method for processing audio data so that the 
audio data can be reproduced from a plurality of speakers, 
the method comprising the steps of: 

tion signal corresponding to the timing When the audio 
data is fetched; 

storing the fetched audio data together With timing infor 
mation concerning the timing When the audio data is 
fetched based on said synchroniZation signal; and 

reading out, based on the synchroniZation signal, said 
audio data correlated to said timing information for an 
earlier timing corresponding to the delay generated 
When said audio data outputted from said speakers is 
passed through a ?lter alloWing passage of the audio 
data having a prespeci?ed frequency to pass the audio 
data through said ?lter so that the audio data can be 
outputted to be reproduced from said speakers, and also 
reading out the audio data correlated to said timing 
information for a timing corresponding to said synchro 
niZation signal and outputting the audio data so that the 
audio data can be reproduced from said speakers With 
out being passed through said ?lter. 

* * * * * 


